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(Mode of Embodiment of the Invention) 

Mode of embodiment of the present invention will now be described in 
conjunction with the drawings. Fig. 3 is a diagram to show an example 
construction of the present invention. Digital signals of a PC 1 or the terminal are 
converted by a modem device 2 into signals that are suitable for transmission 
and are outputted to a telephone line 5. Analog signals from the telephone line 5 
are. on the other hand, converted by the modem device 2 into signals that can be 
easily processed at the PC 1 or the terminal and outputted to the latter. 

The modem device 2 comprises a modem circuit 4, a scramble 14, a 
descramble 15, a codec circuit 18, a line power supply circuit 19 and a small 
capacity high withstand voltage condensers 16 and 17. The figure shows a 
circuit construction for the case where digital signals from the PC 1 are outputted 
to the telephone Iine5. The scramble and the descramble for the reverse flow of 
signals outputted from the telephone line 5 to the PC 1 are omitted here. 

The modem circuit 4 is a digital signal processor (DSP) that compresses, 
among other things, amplitude- or phase-modulated data as a data 
modulator/demodulator. Generally, this is achieved by MOTOROLADSP 5600 
manufactured by Motorola or TEXASINSTRUMENTSDSP TMS 320C5xDSP 
manufactured by TEXASINTRUMENTS. The codec circuit 18 converts analog 



signals into digital signals and vice versa, any ordinary converter may be used. 
Here, SIMPLIFIED ANALOG FRONT-END ST7546by SGS-THOMSON is used. 
The line power supply circuit 19 is a circuit that generates power source from the 
line current of the telephone line 5. Any known device may be used, but here a 
telephone line speech-network BA8216 by ROHM is used. 

Digital signals from the PC1 or the terminal are applied to the scramble 
14 via the modem circuit 4, where the signals are scrambled with clock signals to 
be converted to high frequency. Digital signals converted to high frequency pass 
the condenser 16 and are reproduced as the original digital signals with the clock 
signals at the descramble 15. The reproduced digital signals are converted into 
analog signals at the codec circuit 18 and outputted to the line 5. 

Among the signals from the modem circuit 4 to the codec circuit 18, there 
are contained signals that maintain the same polarity for an extended period of 
time, such as "chip select" and "frame signal". These low frequency signals 
cannot pass the condenser. Here, they are scrambled with the clock signals and 
transmitted through the condenser at high frequency, to improve the situation. In 
other words, the device configuration can be made compact without using the 
line transformer but instead by the use of the small capacity, high withstand 
voltage condenser provided between the modem circuit 4 and the codec circuit 
18 while maintaining high voltage isolation between the PC 1 or the modem 
device 2 and the telephone line 5. 

Although the description refers to a scramble and a descramble, any 
other circuit may be used so long as it is capable of converting digital signals to 
high frequency and restoring them to the original frequency. For example, any 
logic circuit such as simple AND circuit and exclusive OR circuit may be used, Fig. 
5 shows the waveforms. Circled numbers in Fig. 5 correspond to those in Fig. 2. 

The left hand side is the secondary side, or the modem circuit 4, while 
the right hand side is the primary side, or the codec circuit 18. Condensers 20 - 
24 for maintaining isolation voltage are provided between the modem circuit 4 



and the codec circuit 18. The AND circuits 26 - 33 are exclusive OR circuits. 
Resistors R1 ~ R4 and the condensers C1 ~ C4 constitute lowpass filters. 
MCLK1 and MCLK2 are the clock signals. The clock signals may be generated 
at any one of the terminal, the modem circuit 4 or the codec circuit 18. DIN 1 
and DIN2 are the signals from the PC1 that are digital signals before 
digital/analog conversion. DOUT1 and DOUT2 are the signals from the line that 
are the digital signals subjected to analog/digital conversion. HC01 and HC02 
are the lines for transmitting signals such as chip select, and are not necessarily 
required. FSI1 and FSI2 are the lines for frame signals, etc. All the lines 
including the ground G are DC isolated by the condensers. 

Referring to Fig. 5, the signal DIN2 (2) from the modem circuit 4 is 
processed at the exclusive OR circuit 26 or the scramble circuit for an exclusive 
logical sum with, for example, the clock signal MCLK2 (1) at about 1 MHz to 
obtain the signal indicated at (3). The frequency of the signal (3) is identical with 
or slightly higher than that of the clock signal (1). In the case shown, as the 
signal DIN1 (2) and the clock signal MCLK 2 (1) are synchronized, the signal (3) 
is identical in frequency with the signal MCLK 2 (1). However, if the signals DIN 
2 (2) and MCLK 2(1) are asynchronous, the signal 3 will be higher in frequency 
than the clock signal MCLK 2(1). The signal (3) is applied to the condenser 21 
for DC isolation. After passing the condenser 21, the signal (3) is processed at 
the exclusive OR circuit 30 or the descramble circuit for an exclusive logical sum 
with the clock signal MCLK 1(4) to obtain the signal (5). As shown in the figure, 
the signal (5) contains a high frequency, whisker-like noise and is thus passed 
through a lowpass filter comprising the resistor R1 and the condenser C1 to 
eliminate the noise. As a result, the original digital signal DIN 1 (6) can be 
obtained at the point indicated at (6). Similarly, the digital signal of the signal 
HC02 can be transmitted from the modem circuit 4 to the codec circuit 18 via the 
scramble circuit 27, the condenser 22 and the descramble circuit 31 while 
maintaining the DC isolation As the. signals to be transmitted are raised higher in 



frequency than the clock signal before they are applied to the condenser, 
condensers with smaller capacity can be used (for example, as against 1 » F in 
the prior art, it is about 50pF if the clock signal MCLK2 is 1 MHz or so). 

Similarly, the signals DOUT1 and FSI1 from the codec circuit 18 can be 
transmitted via the scramble circuits 30 and 31, condensers 23 and 24 and 
descramble circuits 28 and 29 while maintaining the DC insulation by the 
condensers 32 and 33. Fig. 7 shows a ringer (16 Hz, 85V) signal detection 
circuit where DC isolation between the PC or the modem device and the 
telephone lines 55 (#1) and 56 (#2) is maintained. The DC isolation voltage is 
maintained at the condensers 46 and 47. Zener diodes 50 and 51 are 
approximately 35V in zener voltage. Smaller signals are intercepted at these 
zener diodes but bigger signals such as the ringer signals are allowed to pass. 
The circuit 48 where two diodes are in parallel connection in opposite directions 
secures voltage of a given level or higher between the lines. Protection diodes 
40 ~ 43 protect the differential amplifier 45. 

Ringer signals appearing at the telephone lines 55 (#1) and 56 (#2) are 
detected by the differential amplifier 45, and the ringer signal detection output 
signal is obtained at the output of the differential amplifier 45 while maintaining 
the DC isolation with the telephone lines by the condensers 46 and 47. Fig. 8 
shows the caller ID signal detection circuit in which DC isolation with the 
telephone lines 70 (#1) and 71 (#2) is maintained. DC isolation voltage is 
maintained by the condensers 68 and 69. The circuit 69 where two diodes are 
in parallel connection in opposite direction assures the voltage between the lines 
to be at a given level or higher. The protection diodes 60 ~ 63 protect the 
differential amplifier. 

The caller ID signals appearing at the telephone lines 70 (#1 ) and 71 (#2) 

are detected at the differential amplifier 64, and the caller ID signal detection 

signal is obtained at the output of the differential amplifier 64 while the DC 

isolation is maintained by the condensers 68 and 69. Fig. 9 shows a hook off/on 
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control circuit 92 and a line cutoff means 93 controlled by the former. The line 
cutoff means 93 controls a switch circuit 91 by ON/OFF of a transistor 87 to 
thereby switch on or off the line #1 that is one of the up or down telephone lines. 
The hook off/on control circuit 92 comprises condensers 81 and 82 for 
maintaining the DC isolation voltage, an inverting amplifier 83, a rectifier circuit 84 
(diode bridge for full-wave rectification of AC signals), a resistor 85 that serves as 
a lowpass filter, and a condenser 86. 

This circuit enables DC cutoff of the modem circuit and the telephone line 
in the hook off/on signal line. The DC isolation voltage with the line is 
maintained by the condensers 81 and 82. The operation of this circuit is 
explained. Hook off/on signals are processed at the AND circuit 80 to obtain a 
logical product with the clock signal. The logical product signal is applied to the 
rectifier circuit 84 via the condenser 81 . The rectifier circuit 84 mutiplies the 
logical product signal and the inverted, delayed signal (delay detection). High 
frequency components are eliminated at the lowpass filter (resistor 85, condenser 
86) to obtain the original hook off/on signal, to thereby control the transistor 87 for 
opening/closing the line #2. 

In any of the ringer signal detection circuit, the caller ID signal detection 
circuit, and the hook off/on control circuit, DC isolation of the telephone line 5 with 
the modem circuit 4 or the terminal PC 1 is achieved by the condenser. No line 
transformer is used, and they can be configured as an LSI with the modem circuit 
4 and can be sealed in one package. 

Fig. 11 shows the modem circuit 4, the codec circuit 18, the line power 
supply circuit, the ringer signal detection circuit 101, the caller ID signal detection 
circuit 102 and the hook off/on control circuit 104 that are integrated as an LSI 
and sealed in a package. Fig. 10 shows the specific circuit for the line power 
supply circuit described in Figs.. 3 and 11. "BA8216" by ROHM is used as the 
line power supply circuit. The current from the telephone line is rectified and 
applied to VCC terminal, and the source for the line power supply is obtained 



from the terminal JO. 
(Effect of the Invention) 

As has been described, the present invention achieves the following 
effects. According to the invention of claim 1, the small capacity, high withstand 
voltage condenser provided between the modem circuit 4 and the codec circuit 
18 enables the device to be made compact while maintaining high voltage DC 
isolation without the use of line transformer. Also, as the condensers are 
provided in the digital signal circuits, signal processing can be easily conducted 
upstream and downstream the condensers. 

According to the invention of claim 2, the first digital signal is converted 
with the second digital signal that is higher in frequency than the first digital signal 
to a third digital signal that is higher in frequency than the second digital signal, 
and the second converter 15 processes said first digital signal with the second 
digital signal to be reproduced as the first digital signal, and the signal is 
converted to high frequency upstream the condenser. This enables use of 
condensers with smaller capacity. Even if the first signal is low in frequency, the 
device can be made compact while maintaining high voltage DC isolation. 

According to the invention of claim 3, the first converter can be simply 
constructed with a clock signal and an exclusive OR circuit. According to the 
invention of claim 4, provision of a lowpass filter downstream the second 
converter 15 enables elimination of high frequency noises occurring at the time of 
reproduction of the first digital signal. 

According to the invention of claim 5, the power supply to the modem 

device 2 can be zeroed or greatly reduced as the output of the first converter is 

rectified to generate the power source, which in turn is supplied to the first 

converter 14, the second converter 1 5 and the codec circuit 1 8. According to the 

invention of claim 6, the modem device can be made compact enough to be 

built-in in a PC as it can be configured using integrated circuit technology. 

According to the invention of claim 7, provision of the condensers 46 and 
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47 between the differential amplifier 45 for detecting the ringer signals and the 
telephone line 5 enables the device to be made compact while maintaining high 
voltage DC isolation between the ringer signal detection circuit and the telephone 
line. According to the invention of claim 8, provision of the condensers 68 and 
69 between the caller ID signal detection circuit and the telephone line enables 
the device to be made compact while maintaining the high voltage DC isolation. 

According to the invention of claim 9, the AND circuit 80, the condenser 
81 and the rectifier circuit 84 are serially connected, so that a logical product of 
the hook off/on signal with the clock signal is taken at the AND circuit 80. At the 
condenser 81 , the DC components are cutoff. At the rectifier circuit 84. the hook 
off/on signal is reproduced, to be used for opening/closing the switch circuit. 
This enables the device to be made compact while maintaining the high voltage 
DC isolation between the hook off/on signal control circuit and the telephone line. 

According to the invention of claim 10, a compact modem device capable 
of maintaining high voltage DC isolation can be provided as the ringer signal 
detection circuit and the hook off/on signal control circuit can be contained in a 
single package. 
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